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(54) Fuel additive compositions containing mannlch condensation products and 
hydrocarbyl-substituted polyoxyalkylone amines 

(57) A novel fuel additiva composition comprising: 

(a) a Mannich condensation product of (1) a high mdecular weight all^-sut)stltuted hydroxyaromatic oornpound 
wherein the alkyi group has a number average molecular weight of from at>out 300 to about 5,000 (2) an amine 
which contains an amino group having at least one active hydrogen atom, and (3) an aldehyde, wherein the ra- 
specUve molar ratkj of reactants (1), (2) and (3) Is 1.-0.1-10:0.1-10; and 

(b) a hydrocarbyl-substituted polyoxyalkyfene amine having the formula: 



R-t-O-Of-tlHx-A 



(I) 



or a fiiel-eoiut}le salt thereof; 

wherein R is a hydrocarbyi group having from about 1 to about 30 cartoon atoms; 

one of R^ and R2 is methyl or ethyi and the other is hydrogen, and each R^ and R2 is Independently 
selected in each -O-CHRi-CHR^- unit; 

A Is amino, N-alkyI amino having about 1 to about 20 carbon atoms in the alicyi group, N,N-dialkyi 
amino having about 1 to about 20 cartoon atoms In each alkyI group, or a polyamine moiety having 
about 2 to atKUJt 12 amine nitrogen atoms and about 2 to about 40 carbon atoms; and 

X is an integer from at>out 5 to about 100; 

and wherein the weight ratio of polyoxyalkylene amine to Mannich condensation product is from about 
0.5:1 to about 12:1. 

The fuel additive composition of the present invention Is useful for the prevention and control of engine oil scrmn 
plugging. 
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Descriplion 

BACKGROUND OF THE ■NVEMTIOW 

Field of the invention 

[0001] This Invention relates to fuel wWltlve compositions conWnlna Mannlch condensafion products and hydrocar- 
byl-substituted polyoxyaDcyrtene amines. In a lurther aspect this Invention relates to the use of these additive compo- 
sitions In ftjel composnions to prevent and control engine oil screen plugging. 

Description of the Related Art 

[0002] It Is wen known that automobHe engines end to form deposits on the surface of engine components, such as 
carburetor ports, throttle txxlles. fuel injectors, Intake ports, intake v^ves, and corhbuation chamt>er8, due to the oxi- 
dation and polymerization of hydrocartion fuel. Thes deposits, even when present in relatively minor amounts, often 
cause noticeable driveabllity prtjblems. such as stalPing and poor acceieration. Moreover, engine deposits can signif- 
toantly increase an automobile's fiiel consumption and productton of exhaust pdlutants. Therelbre, the devetopment 
of eflecSve fiiel detergents or "deposit control" additives to prevent or control such deposits is of considerable Impor- 
tance and numerous such materials are known In ttre art. 

[OQOZi For example, polyoxyalkyiene amines, or polyether amines, ere known to reduce en^ne deposits when used 
in fuel compositions. Thus, U.S. Patent No. 5.112,364, issued May 12, 1992 to Rath et al.. discloses gasollne-englne 
fuels which contain from 10 Id 2,000 parts per mOiion by weight of a poiyetheramine and/or a polyetheramine derivative, 
wherein the poiyetheramine is prepared by reductive aminatksn of a phenoHnitlated or alkyiphenoi-4nitiated polyether 
alcohol with ammonia or a primary amine. 

[0004] U.S. PateritNo. 5.660,601, issued August26,1997toOppenlanderetaI.,dlsdosesfuelsfo^ 
containing from 10 to 2,000 mg per kg of fuel O-e,, 10 to 2,000 parts per mllfion) of an alkyi-tenninated poiyetheramine, 
wherein the alkyi group contains from 2 to 30 carbon atoms and the polyether moiety contains from 12 to 28 butylene 
oxide units- This palentftirtherteachesthatthepolyelherantfnes are prepared bythe reaction of an alcohol with butylene 
oxide, and sul>sequent aminatlon with ammonia or an amlne. 

[OOOSa U.S. Patent No. 4,332.395, issued June 1 , 1982 to Herbstman et al., discloses a gasoline detergent additive 
which is a hydrocarbyl-substltuted polyoxypropyiene diamine, wherein the hydrocarbyl substituent contains 8 to 18 
carbon atoms. Tbls patent ftirther leaches that the additive is prepared by reductive aminatlon of a hydrocaibyi-sub- 
stituted polyoxypropyiene alcohol with ammonia to give a polyoxypropyiene amine, whlbh is subsequently reacted with 
acryionltrile to give the corrosponding N-2-cyanoethyi derivative, Hydrogenation in the presence of ammonia then 
piwides the desired hydrocarbyi-substituted polyoxypropyiene W-3-amlnopropyl amine. 

[0006] U.S. Patent No. 3,440,029, issued April 22, 1969 to Uttle et al., discloses a gasoline anti-icing additive which 
Is a hydrocaitjyi-substituted polyoxyalkyiene amine, wherein the hydrocarbyl substituent contains 8 to 24 carbon atoms. 
This patent teaches that the additive may be prepared by known processes wherein a hydroxy compound is condensed 
with an alkylene oxide or mixture of alkylene oxides and then the terminal amino group is attached by either reductive 
aminatlon or by cyanoethylation fbitowed by hydrogenation. Altemaiiveiy, the hydroxy compound or oxyalkylated de- 
rivative thereof may be reacted with bis(2-chloroethyl)elher and alkali to make a chlorine-terminated compound, whfch 
is then reacted with ammonia to produce the amine-terminated final product. 

[0007] U.S. Patent No. 4.247.301 . issued January 27, 1981 to Honnen. discloses hydrocarbyi-substituted poiy(oxy- 
aikyiene) polyamines, wherein the hydrocarfyyl group contains from 1 to 30 carbon atoms and the polyamlne moiety 
contains from 2 to. 12 amine nitrogen atoms and from 2 to 40 carbon atoms. This patent teaches that the additives 
may be prepared by the reaction of a suitable hydrocarbyi-tenninated polyether alcohol with a haiogenating agent such 
as HC1, thionyl chloride, or eplc^iiorohydrin to form a polyether chloride, followed by reaction of the polyether chloride 
with a polyamine to fonn the desired poiyCoxyaik^ne) polyamine. This patent also teaches at Example 6 that the 
polyether chtoride may be reacted with ammonia or (fimethylamine to fbrm the corresponding polyether amine or pol- 
yether dimettiylantine. 

[0008] U-S. Patent No. 5,752,991 issued May 19, 1 998 to Plavac discloses fuel compositions containing from about 
50 to about 2.500 pails per ntfiOon by weight of a tong ctain ail^phenyi polyo5^il^ene amine, wherein the aikyi 
substituent on the phenyl ring has at least 40 carbon atoms. 

[0009] Mannlch condensation products are also known in the art as ftiel additives for the prevention and control of 
engine deposits. For example. U.S. Patent No. 4, 231,759, issued November 4, 1980 to Udelhofen et al., di«jloses 
reaction products obtained by the Mannlch condensation of a high molecular wei^t alkyi-substituted hydroxyaromatic 
compound, an amine containing an amino group having at least one adlve hydrogen atom, and an aldehyde, sudi as 
formaldehyde. TWs patent fiirther teaches that such Mannlch condenufion products are useful detergent additives in 



EP113245SA1 



to 



15 



20 



26 



30 



30 



40 



46 



50 



fuels for the oontrol of deposits on carburetor surfaces and intake valves. 

[001Q] U.S. Patent No. 5,514, 190, issued May 7, 1996 to Cunningham et al., disdoses a fuel additive composition 
Ibr the control of Intake valve deposits wtiteh comprises (a) the Mannteh reaction product of a high molecular vveight 
alkyt-substituted phenol, an arr^e, and an aldehyde, (b) a poly(axyaIky1en8) carbamatep and (c) a poly(G9cyaikyiene) 
akx>hol, glycol or poiyd, or a mono or diether thereof. 

[0011] U.S. Parent No. 5,697,988, issued December 16, 1997 to Matter et at., dlscioses a fuel ad<fitive compodtlon 
whtdi provides reduced fuel iri]eclor, intake vah^e and combustion c^iamber depc^Hs whlc^ comprises (a) the Mannlch 
reaction product of a high molecular weight alkyl-sut>st}tuted phenol, an amine, and an aldehyde, (b) a polyoxyaOcyiene 
compound, preferably a poiyoxyalkylene glycol or monoether derivative thereof, and (c) optionally a poly^pha-ol^n. 
[0012] Although hydrocaibyl-substituted polyoxyalkylene amines are generally known to be effective deposit oontrol 
fuel additives, particularly on engine Intake systems and comtnistion chambers. It has now t>een found that certain 
polyoxyaOcyiene amines may contribute to crankcasa sludge and varnish build-up which can ultimately re»ilt in engine 
oil screen plugging and catastrophic engine failure. Accordingly, there exists a need in the art for polyoxyalkylene 
amine-contalning fuel additive composlttons whteh effectively control intake system and combustion chambers depos- 
its, without contrftniting to the problem of engine oil screen plugging. 

SUMMARY OF THE INVENTIQN 

[0013] It h» now been discovered that the combinatkm of certain Mannlch condensatton products with certain hy- 
drocarbyl-subsiituted polyoxyalkylene amfries affords a unique fuel additive composition which provktes e»»ilent oon- 
trol of engine oil screen plugging. 

[0014 Accordingly, tiie present invention provides a novel fuel additive composition comprising: 

(a) a Mannlch condensation product of (1) a high molecular weight alkyl-substituted hydroxyaromatic compound 
wherein the alkyi group has a number average moleojlar weight of fn^m about 300 to about 5.000 (2) an amine 
which contains an amino group having at least one active hydrogen atom, and (3) an aldehyde, wherein the re- 
spective molar ralki of reactants (1), (2) and (3) is 1 :0.1-1 0:0.1-10; and 

(b) a hydrocarbyi-substituted polyoxyalkylene amine having the fonnuia: 



or a fuel-soluble salt thereof; 

wherein R Is a hydrocartiyl group having from about 1 to about 30 carbon atoms; 

one of and R2 is methyl or ethyl and the other is hydrogen, and each and 1^ is independentiy selected 
in each -O-CHR^-CHRs- unit; 

A is amino, N-alkyI amino having about 1 to about 20 carbon atoms in the alkyi group, N,N-dlaikyl amino having 
about 1 to atx)ut 20 carbon atoms in each alkyi group, or a polyamine moiety having about 2 to about 12 amine 
nitrogen atoms and about 2 to about 40 carfxin atoms; and 

x Is an integer from about 5 to about 100; 

and wherein the weight ratio of polyoxyalkylene amine to Mannlch condensation product is from about 0.5:1 
to about 12:1. 

[001 5] The present Invention further provides a fuel composition comprising a major amount of hydrocarbons tx)iling 
in the gasoline or diesel range and an amount effective to control engine oil screen plugging of a fUel additive compo- 
sition of the present Invention. 

[0016] The present invention additionally provides a fuel concentrate comprising an inert stable oleophilic organic 
solvent boiling In the range of from about 1 50"* F to 400" F and from about 1 0 to al>out 70 weight percent of a fuel additive 
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composition of the present invention. 

[0017] Among other factors, the present Invention is based on the surprising discovery that the unique combination 
of certain Mannlch condensation products with certain hydrocart^yi-substituted polyoxyallcylene amines provides ex- 
cellent control off engine oH screen plugging when employed as additives In ftiel compositions. 

s 

DETAILED DESCRIPTION OF THE INVENTIOM 

I. The Mannich Condensation Procftjct 

10 [0018] The Mannlch reaction products employed in this invention are obtained by conden^ng an allcyi-subsftltuted 
hydroxyaroniatic compound whose alkyl-substituent has a number average molecular weight of from about 300 to 
about 5,000 (Mn), preferably polyalkylphenol whose pofyaikyl sUbstituent Is derived from l-mono-deRn polymers hav- 
ing a number average molecular weight of from about 300 to about 5,000, more preferably from about 400 to about 
3,000; an amine containing at least one >NH group, preferably an allcylene polyamine of the formula 

H2rKB-NH-)„H 

wherein B is a dh^aient aikyiene rafScal having 1 to about 10 carbon atoms and m is an integer from 1 to about 10; and 
20 an aldehyde, preferably formaldehyde, in the prssence of a solvent 

[001 9] High molecular weight Mannlch reaction prcxlucts useful as additives In the fuel additive compositions of this 
Invention are preferably prepared according to conventional methods employed for the preparation of l^annich con- 
densation products, using the at>ove-named reactants in the respective molar ratios of high molecular weight ailcyl- 
substituted hydnoxyaromatic compound, arnine, and aldehyde of approximately 1.0:0.1 -10:1-10. A suitable condensa- 
te tlon procedure Involves adding at a temperature of from room temperature to at>out 95^C., the formaldehyde reagent 
(e.g., Ibrmann) to a mixture of amine arvl alkyl-sutistituted hydroxyaromatic compounds alone or in an easily removed 
organic solvent, such as benzene, xylene, or toluene or in solvent-refined neutral oil, and then heating the reaction 
mbctuie at an elevated temperature (12a'-175'*C) while the water of reaction Is distilled overhead and separated. The 
reaction product so obteuned Is finished t>y fOtration and dilution with solvent as desired. 
30 [0020] Prefen-ed Mannich reaction product additives employed in this Invention are derived from high molecular 
%veigiit Mannlch condensation prcxlucts, formed tiy reacting an alicyiphenol, an ethylene poiyanmne, and a fomnaJdehyde 
afFortiing reactants in the respective molar ratio of 1 .0K}.5-2.0:1 .0-3.0, wherein the eHk^fi group of the alkylphenol has 
a number average weight (Mn) of from about 300 to about 5,000. Representative of the high molecular weight ailcyi- 
substituted hydroxyaromatic compounds are poiypncpylphenoi, polybutylphenol and other polyailcylphenols, with 
S5 polylsot>utylphenoi being the most preferred. Polyailcylphenols may be obtained by the aikylation, In the presence of 
an alkylating catalyst such as BFa, of phenol with high molecular wel^t polypropylene, polybulylene and other poly- 
aiicyiene compounds to give aikyi substlituents on the Ijenzene ring of phenol having a number average molecular 
weight (Mn) of from about 300 to about 5,000. 

[0021] The aikyi subsHtuents on the hydroxyaromatk: compounds may be derived from high molecular weight poiy- 
40 propylenes, polybutenes, and other polymers of morK>-oi6fins, principally 1-mono-olefins. Also useful are copolymers 
of mono-olelins with monomers copoiymeriz^le therewith, wherein the copolymer molecule contains at least 90% bf 
weight of mono-olefin units. Specific examples are copolymers of butenes (butene-1 , butene-2, and isobutytene) with 
monomers copolymerlzable therewith wherein the copolymer molecule contains at least 90% by weight of propylene 
and iMitme units, respecth/ely. Said monomers copdyrnerlzable with propylene or said butenes Include monomerB 
43 containing a small proportion of unreacthm polar groups, such as colore, bromo, keto, ether, or aldehyde, which do not 
appreciably lower the oii-solubiiity of the polymer. The co monomers polymerized with propylene or said butenes may 
be aliphatic and can also contain non-eiiphatic groups, e.g., styrene, methylstyrene, p-dimethyistyrene, divinyi benzene 
and the like. From the foregoing limitation placed on the monomer copolymerlzed with propylene or said butenes, it is 
clear that said polymers and copolymers of propylene and said butenes are substantlaDy aliphatic hydrocarbon poly- 
50 mars. Thus, the resulting alkylated phenols contain substantially aikyl hydrocarbon substrtutents having a number 
average molecular weight (Mn) of from at>out 300 to atxiut 5,000. 

[0022] in addition to the foregobig high molecular weight hydroxyaromatic compounds, other phenolks compounds 
which may be used include, high molecular weight aikyl-substltuted derivatives of resorcinol, hydroquinone, cresd, 
cathechol, xyfenoi, tiydroxy-di-phenyi, t^enzyfphenol, phenethylphenol, naphlhol, tolylnaphthoi, among others. Pre- 
ss fsrred for the preparation of such preferred Mannich condensation product are the poiyailcylphenol reactants, e.g., 
poiypropylphenol and polyt>utylphenol. particularly poiyisotnitylphenol, whose aikyi gmup has a number average mo- 
lecular weight of about 300 to about 5,000, preferably about 400 to about 3,000, more preferably about 500 to about 
2,000, and most preferably about 700 to dbout 1 ,500. 
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HWtSl As noted above, the polyalkyl substituenf on the polyalkyl hydroxyaromatic oompounds employed in the in- 
vention may be genemDy derived from polyoieflns which are polymers or copolymers of mono-olefins, partiailafly 
l-mono-olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-olefin employed will have 2 
to about 24 carbon atoms, and more preferably, at>OLJt 3 to 12 carbon atoms. More preferred mono-oleflns include 
propylene, t>iJtylene, particularly teobutyiene, 1-octene and 1-decene. Polyolefins prepared from such mono-oi^s 
include polypropylene, polybutene, espsdaily polyisdbutene, and the polyalphaolefins produced Irom 1-<K;tene and 
1-decene. 

[CDO20] The prefenred polyisobutenes used to prepare the presently employed polyallcyl hydroxyaromatic compounds 
are polyisobutenes which comprise at least about 20% of the more reactive methyivinylidene isomer, preferably at 
least about 50% and more preferably at least about 70% methyivinylidene Isomer. Suitable polyisobutenes include 
those prepared using BF3 catalysts. The preparation off such polyisobutenes In whldi the methytvlnyiidene Isomer 
comprises a high peroeniage of the total composition is described In U.S. Patent Nos. 4,12,499 and 4.605.808. 
[0025] Examples of suitable polyisobutenes having a high altcylvinyiidene content include Ultravis 10, a polyisobutene 
having a molecular weight of about 950 and a methylvinylidine content of about 76%, and Ultravis 30, a polyisobutene 
having a molec^ar weight of about 1300 and a methytvlnyiidene content of about 74%, both available from British 
Petroleum, and Glissopal 1000, 1300 and 2200, available from BASF. 

PKD2@] The preferred configuration of the alkyi-substituted hydroxyaromatic compound is that of a para-substituted 
mono-^kyiphenoi. However, any alkylphenol readily reactive In the IMannich condensation reaction iray be employed. 
Aexx)ndlngly, ortho mono^lcyiphenois and dialkyiphenols are suitable for use in this invention. 
[0027] Representative amine reactants are alkylene polyamines, prindpally polyethylene polyamlnes. Other repre- 
sentative organic compounds containing at least one IHN< group sultebie for use in the preparation of the IMannich 
reaction products are well known and include the mono and di-andno alkanes and their substituted analogs, e.g., 
ethylamlne, dimethylamme, dimethylamlnopropyl amine, and diethanol amine; aromatic diamines, e.g., phenylene di- 
amine, diamine naphthalenes; heterocyclic amines, e.g., mcrphollne, pyrrole, pyrrolidine, imidazole, imidazoiinidlne, 
and piperidine; melamine and their substituted analogs. 

[002iq The aiicytene polyamlne reactante which are useful with this Invention include polyamines which are linear, 
branched, or cyclto; or a mixture of linear, branched and^or cyclic polyamines wherein each alkylene group contains 
from about 1 to atiout 10 carbon atoms. A preferred polyamlne Is a polyamlne containing from 2 to 10 nitrogen atoms 
per molecule or a mixture of polyamines conteining an average of from about 2 to about 1 0 nitrogen atoms per molecule 
such as ethylenedbmine, diethylOTe triamina, triethylene tetramine, tetraethyiene pentemlne, penteefhylene hexam- 
Ine. hexaethylene heptamine, heptaethylene octamine, octaelhylene nonamlne, monaethylene decamine, and mix- 
tures of such amines, Con-espondlng propylene polyamines such as propylene diamine, dipropylene triamine, tripro- 
pylene'tetramine, tetrapropylene pentemlne, and pentapropylene hexamine are also sultebie reactents. A particularly 
preferred polyamlne is a polyamlne or mixture of polyamines having from about 3 te 7 nitrogen atoms, with diethylene 
triamine or a combination or mixture of ethylene polyamines whose physical and chemical properties approximate that 
of diethylene triamine being the most preferred, in selecting an appropriate polyamlne, consideration should be given 
to the compatibility of the resulting detergent/dispersant with the gasoline fuel mixture with which it is mixed. 
[0029] Ordinarily the most highly preferred poiyamine. diethylene triamine, wlD comprise a oommerdally available 
mbcture having the genera! overall physical and/or chemical composition approximating that of diethylene triamine but 
which can contain minor amounts of branched-chain and cyclic species as well as some linear polyethylene polyamines 
such as triethylene tetramine and tetraethyiene pentamlne. For best resutts. such mbctures should contain at least 50% 
and preferab^ at least 70% by weight of the linear polyethylene polyamines enriched in diethylene triamine. 
[0030] The alkylene polyamines are usually obtelned by the reaction of ammonia and dihaio alkanes, such as dichloro 
alkanes. Thus, the alkylene polyamines are obtained from the reaction of 2 to 11 moles of ammonia with 1 to 10 moles 
of dichloro alkanes having 2 to 6 carix)n atoms and the chlorines on different carbons. 

[003^] Representative aldehydes for use In the preparation of the high molecular weight Mannich reaction products 
emptoyed in this invention include the aliphatic aldehydes such as formaldehyde, aoeteldehyde, propionaidehyde, 
butyreldehyde, valeraldehyde, coproaldehyde, heptaldehyde, and stearaldehyde. Aromatic aldehydes which may be 
used include benzaidehyde and salicylaldehyde. Illustrative heterocyclic aldehydes for use herein are ftirfttral and 
thiophene aldehyde, etc. Also useful are fbrmaldehyde-produclng reagents such as paraformaldehyde, or aqueous 
formaldehyde solutions such as formalin. Most preferred is fformaidehyda or formalin. 

II. The IHydrocarbyf-Susbstituted Polyoxyalkyiene Amine 

[0032] The hydrocart)yl-«ubstituted polyoxyalkyiene amines employed In the present invention have the general for- 
mula: 
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wherein R, R-,, R2, A, and x are m defined above. 
10 |;0033] In Fonnula I, above, R la a hydrocarbyl group having from about 1 to about 30 rartx)n atoms. Preferably, R 
Is an alkyi or alkylphenyl group. More preferably. R Is an ail^phenyl group, wherein the alkyl moie^ Is a straight or 
branched ch^n alkyl of from atx^ut 1 to about 24 cart>on atoms. 

10034] Also in Formula I above, one of R, and R2 is methyl or ettryl, and the other Is hydrogen. In other words, the 
oxyalkylene units may be oxypropylene or oxybutylene. Mbctures of ox^mp^ene and oxybutylene units are also cen- 
ts templafed for use In this Invention. Prefsrabiy one of Ri and Rg Is m^yl, and the other is hydrogen. That is, the 
preferred oxyalkylene unit is oxyprepylene. 

prosS] In general, A Is amino, N^Bcyl amino having from about 1 to about 20 carbon atoms In the alkyl group, pref- 
erably about 1 to about 6 carbon atoms, more preferably ab«Jt 1 to about 4 caibon atoms; N,N-dlaikyl amino having 
from about 1 to about 20 carbon atoms in each all^ group, preferably about 1 to about 6 cartxsn atoms, more preferably 

2D atxnjt 1 to about 4 cart»Ki atoms; or a polyamlne moiety having from about 2 to about 12 amine nitrogen atoms and 
from aljout 2 to about 40 carbon atoms, preferably about 2 to 1 2 amine nitrogen atoms and about 2 to 24 carbon atoms. 
More preferably, A Is amino or a polyamine moiety derived from a polyaikylene polyamlne, including aikylene diamine. 
Most preferably, A Is arrtno or a polyamine moie^ derived from ethylene diamine or diethylene triamine. 
[0036] Preferably, x is an Integer from about 5 to about 50. more preferably from about 8 to about 30, and most 

25 proferably from about 10 to about 25. 

[0037] The compounds employed in the present invention vmO generally have a sufficient molecular weight so as to 
be non-volatne at norniai engine intake valve operating temperatures (about 200^-250*^0.)- Typically, the molecular 
weight of the polyoxyalkylene amine compounds employed in this Invention will range from about 600 to about 10,000. 
[0039] Fuel-soluble salts of the compounds of formula I can be readily prepared for those compounds containing an 

so amino or substituted amino group and such salts are contemplated to be useful for preventing or controifing engine 
deposits. Suitable salts include, for example, those bbtained by protonating the amino moiety with a strong organic 
add, such as an alkyl- or aryisulfonic add. Preferred salts are derived from foluenesulfbnic add and methanesulfonic 
add. 

35 Definitions 



[0039] As used herein, the following terms have the 1bllo%ring meanings unless expressly stated to the contraiy 
[0040] The term "amino** refers to the group: -NH2. 

piOil] The term "A^aikyianvro" refers to the group: -NHR^ wherein i^ is an alkyl group. The terni "Af, AWialkylBmlno" 

40 refers to the group: — NR^F^ wherein and are alkyl groups. 

[0042] The temi "hydrocartiyl" refere to an organk; radical primarily composed of cartxnn and hydrogen which may 
be aKphatlc, aiicydic, aromatic or combinations thereof, e.g., araikyi or alkaryl. Such hydrocarbyl groups are generally 
free of allphatk; unsaturation. Le.. oleRnlc or acetylenic unsaturetion, but may contain minor amounts of heteroatoms, 
such as oscygen or nitrogen, or halogens, such as chk>rine. The temi "alkyT" refere to both straight- and branched-chain 

45 alkyl groups. 

[0043] The term ^owe^ alkyT refers to aikyi groups having 1 to about 6 carbon atoms and includes primary, secondary, 
and tertiary alkyl groups. Typical lower ail^ groups indude, for example, methyl, ethyl, n-propyl, Isopropyt. n-butyi, 
seo-butyl, t-butyl, n^entyl, n-hexyl, and the like. 

[0044] The terni "aikylene" refers to straight- and branched-chain aikylene groups having at least 2 carbon atoms, 
eo Typical aikylene groups Indude, for example, ethylene (-CHgCHjr), propylene (-CH2CH2CH2r), isopropylene (-CH 
(CH3)CH2-), n-butylene(-CH2CH2CH2CH2-). sec-butyleneC-CHCCHaCHajCHg-). n-pentylenQ(-CH2CH2CH2CH2CtV), 
and the like. 

[0045] The term "polyoxyalkyiene" refere to a polymer or oligomer having the generel formula: 
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-(O-CH-CH)-- 

y 



vrfierein R, and R| are each independently hydrogen or lower alkyl groups, and y Is an Integer from about 5 to atjout 
10 100. When referring herein to the number of oxyaDcyiene units In a particular polyoxyalkyleno compound, It is to be 
undsTBlDod that this number refim to the average number of oicydlcylene units In such compounds urtess eicpressly 
stated to the contreuy. 



General Synthetic Procedures 



[Qfi^ The hydrocarbyf-substituted polyo^tyalkylene amines employed In tWs Invention may be prepared by the fol- 
lowing general methods and procedures. It should be appreciated that where typical or preferred process conditions 
(e.g., reaction temperatures, timeSp mole ratios of reactants, soh/ents, pressures, etc) are tfven, other process con- 
cfitlons may also be ised unless othenvise stated. Optimum reaction conditions may vary with the particular reactants 
20 or solvents used, but such conditions can be detemilned by one sSdDed in the ari by routine optimization procedures. 
[0G47] The hydrocarbyl-substituted polyoxyalkyleno amines employed in the present invention contain (a) a hydro- 
carbyl-sut>8tltuted polycncyailcylene componentp and (b) an amine component 



A. The Hydrocarbvl-Sufc)stituted Polypgyalkyiene Component 



[0046] The hydrocarbyl-substituted polyoxyalkylene polymers which are utHized in preparing the hydrocart>yl-sub- 
stituted polyoxyalicylene amines employed in the present Invention are monohydroxy compounds, l.e., alcohols, often 
termed hydrocartiyl "capped" polyoxyalEcylene glycols and are to be distinguished from the polyoxyaltcylene glycols 
(diols), which are not hydrocarbyl tenninated. I.e., not capped. The hydrocarbyl-substituted polyo3^alIcylene alcohols 
are produced by the addition of lower allQflene oxides, such as propylene oxide, or the butylene oxides, to the hydroxy 
compound, ROH, under polymerization conditions, wherein R is the hydrocarbyl group, as defined above, which caps 
the polyoxyalicylene chain. Preferred polyoxyalkyleno polymers are those derived from Cg to C4 oxyallcylene units. 
Methods of pnxJudlon and properties of these polymers are disclosed In U.S. Patent iMos. 2,841 ,479 and 2,782,240 
and Kiric-Othmer's '^cychpedia of C^omkxl Tedhnology Volume 19. page 507. In the polymerization reaction, a 
35 single type of alEcylene oxide may be employed, e.g., propylene oxide. In which case the product Is a homopolymer, e. 
g., a polyoxypropylene alcohol. However, copolymers are equally satisfactory and random copolymers are readily 
prepared by contacting the hydroxyKx>ntainIng compound with a mixture of alkylene oxides, such as a mixture of 
propylene and butylene oxides. Block copolymers of oxyall^ene units also provide satisfactory polyoxyalicylene units 
for the practice of the present invention. 
^ [0049] The annount of alkylene oxide employed in this reaction will generally depend on the number of oxyailcylene 
units desired In the product. Typically, the molar ratio of alkylene oxide to hydroxy-containing compound will range from 
about 5:1 to about 100:1; preferably, from about 5:1 to about 50:1, more preferably ftxmi about 8:1 to about 30:1. 
[OOSQT] Alkylene oxides suitable for use in this po^erization reaction include propylene oxide and butylene oxides, 
such as 1,2-butylene oxide (1,2-epoxybutane) and 2,3-butylene oxide (2,3-epoxybutane}. Preferred alkylene oxides 
^ are propylene oxide and 1.2-butyiene oxide, both Individually and in mixtures thereof. 

[00511] The hydrocartjyi moiety, R, which tenninates the poiyoxyalkylene chain wOi generally contain from about 1 to 
about 30 carbon atoms, preferably from about 2 to about 20 carbon atoms, and more preferably from about 4 to about 
18 carbon atoms, and is generally derived from the monohydroxy compound, ROH, which Is the Initial site of the 
alkylene oxide addition In the polymerization reaction. Such monohydroxy compounds are preferably aliphatic or aro- 
matic alcohols having from about 1 to about 30 carbon atoms, more preferably and alkanol or an alkylphenol, and most 
preferably an alkyphenol wherein the alkyi substituent Is a straight or branched dholn allcyl of from about 1 to about 24 
carbon atoms. Preferred aikylphenols include those wherein the alkyI substituent contains from about 4 to about 16 
carbon atoms. An espedally preferred alkylphenol Is one wheroln the alkyI group is obtained by polymerizing propylene 
to an average of 4 propylene units, that Is, about 12 carbon atoms, having the common name of propylene tetramer. 
The resulting alkylphenol Is commonly called tetrapropenyiphenoi or, more genericaliy, dodecylphenol. Prefen-ed alkyi- 
phenoMnltlated poiyoxyalkylene compounds may be termed either aikyfphenyipoiyoxyaikyiene alcohols or polyallcox- 
ylated aikylphenols. 
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B. The Amine Component 

[0052] Ab Indicated above, the hydrocaityl-substituted pdyoxyalkylene amines employed In the present invention 
contalni an amine component. 

[0053] In general, the amine component win contain an average of at least atiout one basic nitrogen atom per mol- 
ecule. A "basic nitrogen atom" is one that Is titratable by a strong add, for example, a primaiy, secondary, or tertiary 
amine nitrogen; as distinguished from, for example, an cafbamyi nitrogen, e.g., -OC(0)NH-. which Is not titratable with 
a strong acid. Preferably, at least one of the basic nitrogen atoms of the amine component will be primary or secondary 
amine nitrogen, more preferably at least one will be a primary anrdne nitrogen. 

[0054] The amine component of the hydrocarbyl-substituted poiyo5^l^ene anunes employed In this invention is 
preferably derived from ammonia, a primary aDcyl or secondary dlallcyl monoamine, or a poiyamine having a terminal 
amino nitrogen atom. 

[0055] Primary alkyi monoamines useful In preparing compounds of the present Invention contain 1 nitrogen atom 
and1h)m about 1 to about 20 cartxwi atoms, more preferably about Ito 6 carbon atoms, most preferably 1 to4 carbon 
atoms. Examples of suitable monoamines Include /V-methyiamine, W-ethylamine, AMvpropylamlne. W-isopropylamine, 
A^bu^amine, AMsobutylamine, W«ecrbu1ylamine. M-tert-butylamine, iS^n-pentyiamine, N-cydopentylamine, IM-n- 
hexylamlne, N-cydohexylarrtine, N-octylantine. N-decylamlne, N-dodecylamine, N-odadecylamine. N-benzylamine, 
N-(2-phenyiethyl}amlne, 2^mlnoethanol, 3-amlno-1-propanol, 2-{2-amlnoeth<»cy)^anol, N-(2-methc»cye1hyl)amlne, 
N-(2-etho3^ethyi}amine and the like. PrefenBd primary amines are IM-methyiamine, N-ethyiamlne and ishi-pro- 
pylamlne. 

[0056] The amine component of the presently empl<^ed fuel additive may also be derived from a secondary dlallcyl 
monoamine. The aikyi groups of the secondary amine may be the same or different and will generany each contain 
about 1 to about 20 carbon atoms, more preferably about 1 to about 6 cartxm atoms, most preferably about 1 to about 
4 cart)on atoms. One or txath of the aikyI groups may also contain one or more oxygen atoms. 
[0057] Preferably, the alkyi groups Of the secondary amine are independently selected from the group consisting of 
metiyl, ethyl, propyl, butyl, pentyl, hej^, 2-hydra)^elhyl and 2-methoxy^hyl. More prefer^, the alkyI groups are 
melhyl, ethyl or propyl. 

[0058] Typical secondary amines which may be used in this Invention Include N,N^methyiamine, N,N-<fiethylamlne, 
N,N-dl-n-pTOpylamlne, N.N-dSsopropylamine, N,N-di-n-butylamine, N,N-di-seo43utylamine, N.N-di-n-pentylamine, N. 
N^dl-n-hexylamine. N.N-dicyciohexylBmine, N,N-dioctylamine, hJ-cthyi-N-methylamhie, N-melbyl-N-fi-propylarrifrie, N- 
n-butyl-N-methyiamlne, N-methyi-N-octylamine, N-ethyi-N-lsopropylamine, N-ethyl-N-octyiamine, N,N-di(2-hydroxye- 
thyOarrtine, N,N-<fi(3-hydroxypropyOamine, N,l4<li(ethoxye1hyl)amlne, N,N-di(propoxyethyl)amine and the Fike. Pre- 
fened secondary amines are N,N-dimethylBmIne, N.N-diethylamine and N,NHji-n-propylamine. 
[0O59] Cyclic secondary amines may also be used to form the additives employed In this Invention. In such cyclic 
compounds, the alkyI groups, when taken together, fomn one or more 5- or 6-membered rings containing up to about 
20 cartx>n atoms. The ring containing Ihe amine nitrogen atom is generally saturated, but may be fused to one or more 
saturated or unsaturated rings. The rings may be substituted with hydrocarfoyi groups of from 1 to about 10 carbon 
atoms and may contain one or more oxygen atoms. 

[0000] Suitable cyclic secondary an^es include piperidlne, 4-metliyiplpericSne, pyrroDdlne, morpholine, 2,6-dimeth- 
ylmorphoiine and the like. 

[0001] Suitable polyamines can have a stral^rt- or branched-chain stnjcture and maybe cycfic or acyclic or combi- 
nations thereof. Generafly, the amine nitrogen atoms of such polyamines will be separated Irom one another by at least 
two carbon afoms, i.e., polyamines having an aminal stnidure are not suitable. The poiyamine may also contain one 
or more oxygen atoms, typically present as an ether or a hydroxyi group. Polyarrtines having a carbon-to-nitrogen ratto 
of from about 1:1 to about 10:1 are partlculariy prefen-ed. 

[0002] In preparing the polyoxyalliyiene arnine compounds employed In this inventton using a poiyamine where the 
various nitrogen atoms of the poiyamine are not geometrically equivalent, several substitutionai Isomere are possible 
and each of these possible Isomere is encompassed within this invention. 

[0003] A parttauiariy preferred group off polyamines for use in the present invention are polyalkylene polyamines, 
including alkylene dlarrtnes. Such polyall^ene polyamines will lypicaily ccmtaln from about 2 to about 12 nitrogen 
atoms and from about 2 to about 40 cait^on atoms, preferably about 2 to 24 cartK>n atoms. Preferably, the alkylene 
groups of such polyalkylene polyamines will contain from at>out 2 to about 6 carbon atoms, more preferebly from about 
2 to at)out 4 carbon atoms. 

[0004] Examples off suitable polyalkylene polyamines include ethylenedlamlne, propylenedlamlne, Isopropyienedi- 
amlne, butylenedlamlne, pentylenediamine, hexylenediamlne, dielhyienetriamine, dipropylenelriamine, dlmethylami- 
nopropylamine, diisopropylenetriamine, dibutyienetriamlne, di-seo-butylenetriamlne, triethylenetetraamine, tripropyl- 
enetetraan^ne, triisobutylenetetreamine, tefraethyienepentamine, pentaelhylen^examlne, dlmethylaminopro- 
pylamine, and ntixtures thereof. 
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[QQ9Si Particulariy suitable potyailcylens polyamines are those having the nvmula: 

wherein R3 is a stmighi- or brendied-chain aficylene group having from about 2 to about 6 cartx>n atoms, preferebty 
(torn about 2 to about 4 cartion atoms, most prefefably about 2 carbon atoms, i.e., ethylene (-CH2CH2-}; and z is an 
Integer thm about 1 to about 4, prefferably about 1 or about 2. 

If^msi Partiajlarty prefened polyalkylene polyamines are ethyfenedlamlne, diethyienetriamine, triethylene- 
tetraamine, and tetreethylenepentamlne. Most preferred are ethylenediamine and diethyienetriamine, espedaily eth- 
yfanedlamlne. 

puoaT] Also contemplated for use In the present Invention are cydic polyamines having one or more 5- to 6-membered 
rings. Such cyclic polyamines compounds Include piperezine, 2-methylpiperazIne, fSK2^aminoethyl}plperazine, N- 
(2-hydro»yethyOplperBzine. 1,2-bisH[iM'Piperezinyl)6thane. 3-amlnopyrrolidine, N-(2-aminoethyl)pynolidine. and the 
like. Among the cydic polyamines, the pQ>erezines are preferred. 

[0038] IMany of the polyamines sidtable for use In the present Invention are commerdaily availal>le and othere may 
be prepared l>y methods which are well known In the art For example, methods for preparing amines and their reactions 
are detailed In Sidgewlck's The Organic Chemistry of Nitrngerf, Clarendon Press, Oxford, 1S86; Nollers ''Chemfsiry 
of Organic Compounds'. Saundere. Philadelphia. 2nd Ed., 1957; and Kirfc-Othmei^s '^ic^^ctapedto i^Chemtcal Tech- 
noiogy^, 2nd Ed., espedaily Volume 2, pp. 99-116. 

C. Preparation of the Hvdrocartivl-Substltuted Polyoxvalkviene Amine 

[0009] The polyoxyall^ene amine additives employed In this invention may bo conveniently prepared by reading a 
hydrocartyyi-sutistltuted poiyoxyaikylene alcohol, either diredly or through an Intemnediate, with a nitrogen-containing 
compound, such as ammonia, a primary or secondary alkyi monoamine or a polyamlne, as described herein. 
[0070] The hydrocarbyl-substltuted poiyoxyaikylene alcohds used to fomn the poly«»eyalkyiene antines employed In 
the present invention are typically known compounds that can bo prepared using conventional procedures. Suitable 
procedures for preparing such compounds are taught, for example, in U.S. Patent Wos. 2,782,240 and 2,841,479, as 
well as U.S. Patent No. 4,681,945, the disdosures of which are incorporated herein by reference. 
[00711] Preferably, the poiyoxyaikylene alcohols are prepared by contacting an alkoxMe or phenoxkle metal saft with 
from about 5 to about 1 00 molar equivalents of an aikylene oxide, such as pro pylene oxide or butyl ene oxkle, or mixtures 
of aikylene oxides. 

[0072] Typically, the aJkoxIde or phenoxlde metal salt is prepared by contading the comesponding hydroxy compound 
with a strong base, such as sodium hydride, potassium hydride, sodium amide, and the like, in an inert solvent, such 
as tduene, xylene, and the fike, under substantially anhydrous condittons at a temperature in the range from at»out 
-10*'C to about 120°C for from about 0^5 to about 3 hours. 

[0073] The alkoxide or phenoxlde metal salt Is generally not isolated, but Is reacted in situ with the aikylene oxide 
or mixture of aikylene oxides to provide, after neutralization, the poiyoxyaikylene alcohol. TTiis polymerization reaction 
is typtoaily conducted In a substantially anhydrous inert solvent at a temperature of from attout 30'C to about 150*C 
for from about 2 to about 120 hours. Suitable solvents for this reaction. Include toluene, xylene, and the like. Typically, 
the reaction is oonduded at a pressure sufiicient to contain the readants and the sohrent, preforebiy at atmospherfo 
or ambient pressure. 

[00740 The hydrocartjyi-substituted poiyoxyaikylene alcohd may then be converted to the desired poiyoxyaikylene 
amine by a variety of procedures known in the art 

[007q For example, the terminal hydroxy group on the hydrocarbyl-substituted poiyoxyaikylene alcohol may first be 
converted to a suitable leaving group, such as a mesylate, chloride or bromide, and the like, by readion with a suitable 
reagent, such as methanesuifonyi chloride. The resulting poiyoxyaikylene mesylate or equh/alent Intermediate may 
then be converted to a phthalimlde derivative by reaction with potassium phthallmlde In the presence of a suitable 
solvent, such as W, W-dimethylformamlde. The poiyoxyaikylene phthallmlde derivative Is sutisequently converted to the 
desired hydrocarbyl-substituted poiyoxyaikylene amine by readion with a suitable amine, such as hydrazine. 
[007q The poiyoxyaikylene alcohol may also be converted to the conesponding poiyoxyaikylene chloride by readion 
with a suitable halogenating agent, such as HC1, thionyl chloride, or epichlorohydrin, followed tjy displacement of the 
chloride with a suitable amine, such as ammonia, a primary or secondary alkyI monoamine, or a polyamlne, as de- 
scnl)ed, for example, in U.S. Patent hJo. 4,247,301 to Honnen, the disdosure of whteh is inoorporatod herein by refer- 
ence. 

[0077] Alternatively, the hydrocartjyi-substituted poiyoxyaikylene amines employed in the present invention may be 
prepared from the corresponding poiyoxyaikylene alcohol by a process commonly referred to as reductive amination. 
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such BS described In U.S. Patent No. 5.112364 to Rath el al- and U.S. Patent No. 4,332,595 to Herlwtman et al., the 
disclosures of whi<^ are incorporated herein by reference. 

piorq In Ihe reductive amination procedure, the hydrocarbyl-siAstituted polyoxyaDcylene aicohol is aminated with 
an appropriate amine, such as ammonia or a primaory alky! monoamine, In the presence of hydrogen and a hydrogen- 

fl atlon-dehydrogenalion catalyst The amination reaction Is typically earned out at temperatures In the range of atxsut 
leO'^C to about 250''C and pressures of about 1 ,000 to about 5.000 psig, pr^rabiy about 1 *500 to about 3,000 psig. 
Sultdtile hydrogenatiion-dehydrogenati on catalysts include those containing platinum, palladium, cobalt, nidcel, copper, 
or c*)rx)mium. or mixtures thereof. Generally, an mcess of the ammonia or amine readant is used, such as about a 
5*ld to about GO^bld molar excess, and preferably dbout a 10-lbld to about 404Dld molar excesSp of ammonia or amine. 

fo [0079] When the reductive amination Is carried out with s polyamine reactant, tine amination is preferably conduded 
using a two^p procedure as described in European Patent Application Publication No. EP 0,781 ,793, published July 
2. 1997, the disdtosuie of which Is incorpcrated herein by reference In its entirety. According to this procedure, a 
polycxyallcylene alcohol Is first contacted with a hydrogenatlon-dehydrogenation catalyst at a temperature of at least 
230^0 to provide a polymeric carbonyt intermediate, which is subsequently reacted with a polyamine at a temperature 

IS below about 190"C in the presence of hydrogen and a hydrogenatlon catalysl to produce the pdyoacyallq^ene poiyerhine 
adduct. 

[0080] The hydrocarbyl-aubstituted poiyoxyallcylene amines obtained by amination can be added m such to hydro- 
cartx)n1Uels. 

20 Fuei Compositions 

[0081] The Hiel additive composition of Ihe present invention will generally be employed in hydnocartxsn ftiels to 
prevent and control engine oil screen plugging. Typically, the desired control of oil screen plugging will be achieved by 
operating an Intemal combustion engine with a fiiel composition containing the additive composition of the present 
26 Invention. The proper concentration of addiflve neoessaiy to achieve the desired control of di screen plugging varies 
depending upon the type of fUel employed, the type of engine, en^ne oil, operating conditions and the presence of 
other fiiei additives. 

[0082] Generally, the present fuel additive composition will be employed in a hydrocartxjn fuel In a concentration 
ranging from about 20 to about 4,000 parts per miUion (ppm) by weight, preferably from about 20 to about 2,500 ppm. 

30 [0083] In ternis of individual oomponente, hydrocarbon fuel containing the fiiel additive oon^josltlon of tWs Invention 
will generally contain about 10 to about 2,000 ppm, preferably about 10 to about 500 ppm, of the Mannich condensation 
produd component and about 10 to about 2,000 ppm, preferably alxnit 10 to about 1 ,000 ppm, of the pdyoxyaikylene 
anrine convoneni The weight ratio of the pdyc^cyallcylene amine to Mannich condensation produd will generally range 
from about 0.5:1 to about 12:1 . and will preferably be about 0.5:1 to about 5:1 . ^ ^ 

35 [0084] The fiiel additive composition of the present Invention may be formulated as a concentrate using an Inert 
statrie oleophilic (Le., dissolves in gasoline) organic solvent boiOng In the range of about 150^F- to 400"F. (about 65'*C. 
to 205*»C.). Preferably, an aliphatic or an aromatic hydrocarbon solvent is used, such as benzene, toluene, xylene or 
higher-boiling aromatics or aromatic thinners. Aliphatic alcohols containing about 3 to 8 carbon atoms, such as Isopro- 
panel, lsobutyicart>ind, n-butanol and the lilte, in combination witti hydrocarbon solvents are also suitable for use with 

40 the present additives, in the concentrate, the amount of the additive will generafly range from about 10 to about 70 
weight percent, preferably 10 to 50 wel^ percent, more prderably from 20 to 40 weight percent. 
[0085] in gasoline fuels, other fuel additives may be employed with the additive compodtion of the present invention, 
including, for example, oxygenates, such as t-butyl methyl ether, antiknock agents, such as methylcyclopentadienyl 
manc^nese tricarbonyl, and other dispersants/detergents, sudi as hydrocartTyi anranes, or sucdnimldes. Additionally, 

45 antioxidants, metal deactivators, demulslfiers and carburetor or fuel injedor detergents may tae present 

[0086] in diesel fuels, other well-known additives can be employed, such as pour point depressants, flow improvers, 
cetane Improvers, and the like. 

[0087] Afuel-soiuble, nonvolatile canier fluid or oil may also be used with the fuel additive composition of this Inven- 
tion. Tlie carrier HiAd Is a chemically Inert hydrocartx)n-soluble Tiquid vehicle which substanHally Increases the nonvol- 

so atlle residue (MVR), or solvent-free liquid fraction of the fuel additive composition whfle not overwhelmlngty contributing 
to octane requirement Increase. The canier fluid may be a natural or synthetic fluid, such as nwiera! dl, refined petro- 
leum oils, synthetfc poiyalkanes and alkenes, including hydrogenated and unhydrogenated polyalphaolefins, and syn- 
thetic polyoxyalkylene-derived fluids, such » those described, for example, m U.S. Patent No. 4,191,537 to IjOwIs, 
and polyesters, such aa those described, for example. In U.S. Patent Nos. 3,756,793 to Robinson and 5,004,478 to 

S5 Vogel et al., and in European Patent Applteatton Nos. 356,726, published March 7, 1990, and 382,159, published 
August 16, 1990. 

[OOOq These carrier fluMs are believed to act as a canier for the fuel additive composition of the present invention 
and to Ksist In the control of oil screen plugging, m well as wglne intake system deposits. The carrier fluid may also 
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exhibit synergistic oil screen plug^ng control properties when used in combination with the fuel additive compositton 
of this invention. 

[008S] The carrier fluids are typically employed in amounts ran^ng from about 25 to about 5000 ppm by weight of 
the hydrocartxvi fuel, pr^ierably fiDm 100 to 3000 ppm of the fuel. Preferablyp the ratio of carrier fluid to lliel additive 
9 will range from about 0J2:1 to about 10:1, more preferably from 0.5:1 to 3:1. 

[POM] When employed in a fuel concentrate, carrier fluids wfli generally be present in amounts ranging from about 
20 to about &) weight percent, preferably from 30 to 50 weight percent 

EXAMPLES 

10 

[0091] The following examples are presented to illustrate specific embodiments of the present invention and synthetic 
preparations thereof and should not be Interpr^ed as limitations upon the scope of the invention. 

Bcamplel 

IS 

Preparation of Dodecylphenoxy PolvCoacypropyiene) Amine 

[0092] A dodecylphenoxypoly(oxypropylene) amine was prepared by the reductive aminatfon wfth ammonia a do- 
decylphenoxy poly(axypropyiene) alcohol having an average molecular weight of about 1 000. The dodecylphenoxypoly 
20 (oxypropytene) alcohol was prepared from dodecylphenoi and propylene oxide, in accordance with the procedures 
described In U.S. Patent Nos. 4,191 .537; 2,782,240 and 2,341 ,479, as well as In Kirlc-Othmer, "Encyclopedia off Chem- 
ical Technology, 4th edition, Volume 19, 1996, page 722. TTie reductive aminatlon of the dodecylphenoxypoly(oxy- 
propylene) alcohol was carried out using conventional techniques as described in U.S. Patent Nos. 5,112,364; 
4,«)9,377 and 3,440,029. 

25 

Example 2 

Preparation of Dodecylphenoxy Polyfoxvpropylene) Amine 

30 [009^ A dodecylphenoxypoly(oxypropylene) amine was prepared by the reductive animation wfth ammonia a do- 
decylphenoxy poly(oxypropyiene) alcohol having an average molecular weight of about 1400. The dodecylphenoxypoly 
(oxypropylene) alcohol was prepared from dodecylphenoi and propylene oxide, In accordance with the procedures 
described In U.S. Patent Nos. 4,191 ,537; 2,782^40 and 2,841 ,479. as well as in Kiric-Othmer, "Encyclopedia of Chem- 
ical Technology". 4th edition, Volume 19. 1996, page 722, The reductive amination of the dodecylphenoxypoly(oxy- 

^ propylene) alcohol was carried out using conventional techniques as described In U.S. Patent Nos. 5,112,364; 
4,609,377 and 3,440,029, 

Example 3 

^0 Preparation of Dodecylphenoxy Poly(oxyt>utylene> Amine 

[0094] A dode(vlphenaxypoly(oxybutyIene) amine was prepared by the reductive amination with ammonia of a do- 
decylphenoxy poly(oxybutylene) alcohol having an average molecular weight of about 1600. The dodecylphenoxy poly 
(oxybutyiene) alcohol was prepared from dodecylphenoi and butylene oxide, in accordance wHh the procedures de- 
4S scribed In U^. Patent Nos. 4,191 ,537; 2,782,240 and 2,841 ,479, as well as In Kirtc-Olhmer, "Encyclopedia of Chemical 
Technology", 4th edition, Volume 19, 1996, page 722. The reductive amination of the dodecylphenoxy poiy(oxybuty- 
iene) alcohol was carried out using conventional techniques as descnl>ed In U.S. Patent Nos. 5,112,364; 4.609.377 
and 3,440.029. 

50 Example 4 

Preparation of Dodecylphenoxy Poly{oxyt>utylene)poly(oxypropylene) Amine 

[0095] A dodecylphenoxypoly(oxybutylene)poly(oxypropylene) amine was prepared by the reductive amination with 
ss ammonia of the random copolymer poly(oxyalkylene) alcohol, dodecylphenoxy poly(oxybutytene)poly(oxypropylene} 
alcohol, wherein the alcohol has an average molecular weight of atx^ut 1598. The poly(oxyallcylene) alcohol was pre- 
pared from dodecylphenoi using a 75/25 weight^veight ratio of butylene oxide and propylene oxide, in accordance with 
the procedures described In U.S. Patent Nos. 4,191,537; 2,782,240 and 2,841,479, as well as In KIrlc-Othmer, "Ency- 
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dopedla of Chemteal Technokw", 4tti edition. Volume 19. 1996, page 722. The reductive amination of the poly((»q^ 
allcyleTO)alcohd was carried out using convenflonalte^ in U-S. Patent Nos. 5.112^; 4,609.377 

and 3.440.029. 



ExanrpieS 

Preparation of Mannich Condensation Product 

[0096] PhencrfwasoomblnedvrtthQIIseopallOOOpolyisOb^^ 

containing at least 70% material with methylvinylidene end groups, m the presence of a BFg-phenol catalyst, to produce 
a polyisotwtylphenol that was essentially all mono-substituted In the para-posltion. After BF3 neutralizaflon removal 
and dflutlon with Exxon Aromatic 100 solvent, the diluted polyisobutylphenol had a hydroxyl numbw of 40.3 mg KOW 
g and a nonvolatile residue content of 76.4%. The alkylation process, while the nonvolatfle residue contained 7% 
unconverted polyisobutylene. 3232 g of the aforementioned diluted polyisobutylphenol were charged to a 5^- glass 
remtlon vessel equipped with an agitator, heating mantle, overtiead condenser, and Dean-Staric trap. With the reactor 
temperature at ambient (23»C). 240.6 g of dlethylenetriamine (Baker Chemical Company. 99.38% assay) was enlarged 
to the reactor and mixed to unilbnnity with the dDuted polyiaobulylphenol. Ihe reactor was then heated to 80»C over 
30 minutes In preparation for fomnalin cfiarging. 

[0097] The fomialln was ftom Baker Chemical Company and contafried 37.3% formaldehyde, 12% methanol, and 
50 7% water. The fbnnalin was charged over 150 minutes while continuing to heat to 91-93**C. The temperature reached 
a maximum of 99'»C during this heating period due to the exothermic reaction with the fomialdehyde. A temperature 

of 9 1 -92*'C was held for 60 minutes to complete the initial reaction. 

[0098] The reaction mixture was then heated to 150"C over 81 minutes and at the same lime the pressure was 
reduced to 240 mm Hg. iWluch of the water of reaction and some solvent were distiiled overiiead and separated during 
the heating. Except for the soh^ent hoid-up in the Dean-Steri<: trap, the rest of the distilled solvent was continuously 
returned to the reactor. The final conditions of 144-15rC and 233-243 mm Hg were held for 136 minutes to complete 
the reaction and removal of water, , 
[11099] The reaction yield was 3508 g of crude Manracrfi. After cooling the reactor contents to 85»C, a sample of the 
crude Mannich gave a nonvolatile residue analysis of 82.0%. The crude Mannich was then diluted with 1 940 g of Exxon 
Aromatic 100 solvent It was then filtered using 36 g of Celite HyRo Super Cei diatomaoeous earth as body feed and 
16 g as a filter precoat. The yield of bright and clear filtrate was 5265 g. 

THe nonvolatile residue content of the filtered product was 51 .9% and the nitrogen content was 1.74%. The actives 
content vgas 50% based on the assumption that the unconverted polyisobutylene in the nonvolatile residue is not an 
active dispersant. 



Example 6 

lUluitl-CyHnder Cranlccase Harm Screening Test 

[0100] The fuel additive composition of the present invention was tested In a iatx)ratory muitl-cyilndCT engine to 
evaluate its performance in controlling oil screen plugging. 

[0101] A 1994 Ford 2.3 liter single overhead cam. in-line four cylinder engine was used. The major engine dimensions 
set forth in Table I. Each test was carried out for 80 hours (24 hours per day) on a prescribed test cyde. at the end of 
vMdh the engine was disassembled and the cranlccase oil pick-up tube and screen assembly was removed. The cyde 
for engine operation during the test is set forth in Table 11. The oil piclc-up tube inlet screen was then evaluated using 
methodology described in Coordlnaling Research Coundl Manual 12 (Sludge Rating Manual, CRC manual 12) to 
detennlne the peicentege of area dogged. A dean oil screen (free of sludge or debris) indicates favorable cranlccase 
performance. An oil screen with significant dogging Indicates poor cranlccase performance. 

[01021 As part of the Cranlccase Hann Screening Test procedure, the engine was physically modified to increase the 
tendency for sludge and varnish fonnation. The physical modifications are set forth in Table ill. Also spedfied as part 
of the test prwedure, the cranlccase lubricafing oil used for ail test runs was Chevron SOON oil containing a commerdal 
wear Inhibitor. No detergent or dispersant additives were added to the lubricaBng oil. All test runs were made with the 
same base gasoline, which was manufactured by PhilGps Petroleum Company and is Icnown as Phillips "J" Reference 
gasoGne. Tlie basic properties of the base gasoHne are set forth in Table IV. 
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Table I 



Engine Dimensions 


Bore 


9.60 on 


Stroke 


7.94 an 


Displacem^ Volume 


2.30 liter 


Compressioa Ratio 


9,50:1 



Table n 

Test CycU - 3 Stage Test, SO hours total 



(20 loops @ 240 minutes per loop) 


Stage 1 


Stage 2 


Stage 3 


Duration per loop, min. 


120 


75 


45 


Speed, ipm 


2500 


2500 


800 


Loading, bhp 


33 


33 




Coolant Temp., deg.F 


125 


185 


115 


Oil Temp., degJ' 


155 


210 


L15 


Intake Air Temp., deg.F 


90 


90 


90 



Table in 



Engine Physical ModificaOons 
0.080 inch ring gaps 
Finned Rocker Cover 
Addition of Camshaft Baffle Plate 
Addition of Blow-by Oil Separator 



Table IV 



Fuel Specifications 



Phillips "J" Reference 
Fuel 

API Gravity 

Specific Gravity 

Sulfur 

TIO 

T50 

T90 

Aromatics 
Olefins 

Paraffins+Naphthenes 



54.2 @ 60 deg.F 
0.762 @ 60 deg.F 
0.0114 wt% 
127deg.F 

219 deg.F 
328 deg.F 
42.0 vol.% 

15.3 vol.% 
42.7vol.% 



[0103] The test compounds were admixed wfth the base fuel to give the concentrations indicated in Table V. The 
percentage of oil screen plugging is also reported in Table V for each of the test samples. 
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Table V 

Ford 2,3 LUer Crankaise Harm Test 



Sample 



Polyoxypropylene Amine' 
Polyo3^ropylaie Amine' 
Polyoxypropylene Amind* 
Polyo^^ropylene Amine/Mamiich Product* 
Polyoxypropylene Amine/Mannich Product* 
Polyoxybtitylene Amine* 
Polyoxybtttylene Amine/Mannich Product^ 



Concentration, 
ppma' 



Paicent Oil 
Screen Plugging 



200 

200 

200 
150/50 
150/50 

200 
150/50 



100 
100 
95 

1 

1 

5 



^Dodeo^phcnoocypcdyQKyprapyleae lunmc prepared as described In Example 2. 
eandenfiitlon prodnct prepared as described in Exainple S. 

* MixtuR of I SO ppcna dodi«jdphaxxxypolyoTcypdr^ enUne prepared as described bi Example 2 and 50 pptna of the Maniich 
offldensatian product iHfepaied as described In Example 5. 

^Dode^dteooGKypotyioicybuviene amtoe 
'Mbcturcof l50ppniadodecylpheiK>xypolyeKy^^ 
condensation product piepaied as desciflsed in Example 5. 

' Farts per millioti actives. 

* AwBEage of ten runs. 

[OlOq The dela in Table V demonslvates that the combination of a polyoxyalkylwe amin© and a Mannlch conden- 
sation product has a beneficial effect and gives significantly better control of oil screen phjgtf ng tlwi the polyoxy^ 
aikylene amine component alone. 



Claims 

1. A fUel additive composition comprang: 

(a) a Mannich condensation product of (1) a high molecular weight all^yi-substituted hydroxyaromatic com- 
pound wherein the allcyi group has a number average molecidar weight of from about 300 to about 5,000 (2) 
an amine which contains an amino group having at least one active hydrogen atom, and (3) an aldehyde, 
wherein the respective molar ratio of reactants (1), (2) and (3) Is 1K).1-10:0.1-10; and 



(b) a hydrocarbyl-substituted poiyos^kyiene amine having the formula: 



R-{-0-CH-(H-)"A 



(I) 



or a ttjei-soiuble salt thereof; 

wheroln R is a hydrocarbyi group having from about 1 to about 30 cartKin atoms; 

one of and Ra is methyl or ethyl and the other is hydrogen, and each Ri and R2 Is independently 
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selected in each -O-CHR^-CHRs- unit; 

A is amino, N-allcyl amino having about 1 to about 20 cartson atoms In the allcyl group. N,ISkdia!lcyl amino 
having about 1 to about 20 cartMn atoms in each all(y1 group, or a polyamlne moiety havfr^ about 2 to 
8 atx)Ut 12 amine nitrogen atoms and about 2 to about 40 cartson atoms; and 

X is an Integer from about 5 to eboui 100; 

and wherein the weight ratio of polyoxy^l^ena amine to Mannlch condensation ptxKluct is ftom ^xnit 
10 0.5:1 to about 12:1. 

2. The fuel additive composition according to Claim 1. wherein the ali^ group on the alkyl-substituted hydioxyaro- 
matlc compound has a number average molecular weight of about 400 to about 3,000. 

IS 3- The fiiei additive composition according to Claim 2, wherein the all^ group has a number average molecular 
weight of about 500 to about 2,000. 

4. The fUei additive composition according to Claim 3, wherein the alkyi group has a number average molecular 
weight of about 700 to atxnit 1,500. 

2D 

5- The fuel additive oomposition according to Qalm 1 , wherefri the alkyl-substltuted hydioxyaromatic compound is a 
potyallcylphenoL 

6- The fuel additive composition according to Claim 6, wherein the polyalkylphenol is polypmpyiphenol or polyfsobutyl- 
25 phenol. 

7. The fUei addiUve composition according to Claim B, wherein the polyalkylphenol is poiylsobutylphenoi. 

8. The fuel additive composition according to Claim 7, wherein the polyisobutylphenol is derived from polyisobutene 
30 containing at least about 70% methylvinylidlne Isomer. 

9. The fuel additive composition according to Claim 1, wherein the amine component of the Mannlch condensation 
product is an alkylene polyamlne having the formula: 

H2N-(B-NH)„-H 

wherein B Is a divalent allcylene fBdicai having 1 to about 10 carbon atoms and m is an integer from 1 to about 10. 
40 10. The fuel additive composition according to Claim 9, wherein the allcylene polyamlne is polyethylene polyamlne. 

11. The fuel additive oomposition according to Claim 10, wherein the polyethylene polyamlne is dieihylene triamlne. 

1 2. The ftiel additive composition according to Claim 1 , wherein the aldehyde component of the Mannlch condensation 
^ product Is fbmrialdehyde, paraformaldehyde or formaHn. 

13. The fuel additive oomposition according to Claim 1, wherein R is an allcyt or alkylphenyl group. 

14. The fuel additive composition according to Claim 13, wherein R is an all^phenyl group. 

so 

15. The fuel additive composition according to Claim 1, wherein one of R| and Ftj te methyl, and the other is hydrogen. 
IB, The fUei additive composition according to Claim 1, wherein x is an integer of from about 5 to about 50. 

S5 17. The fuel additive composition according to Claim 16, wherein x Is an Integer of from about 8 to about 30. 
18. The fuel additive composition according to Claim 17, wherein x is an integer of from about 10 to about 25. 
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ia. The fuel addlflvB oomposStion aoooiding to Ctabn 1. wherein Ate amino. N^aDcylamino or a polyamlne motety. 

20. The fuel Bdditlwe composition acoonJing to Oalm 19. wherein Ate amino or N-alkyl amino hawing ftom about 1 to 
about 4 cartxxi atoms. 

21 . The fiid addlUve com p osition aocoiding to Ci^ 20. wAiereIn A Is amino. 

22. The ftjel additive composition according to Claim 19. wherein A is a polyamine moiety having from about 2 to about 
12 amine nitrogwft atoms and ttam about 2 to about 40 carbon atoms. 

23. The fuel additive composition according to Oalm 22, wherein A te a polyamine moiety derived from a pdyalMene 
polyamlne oontalning th)m about 2 to about 12 amtoe nitrogen atoms and ftom about 2 to about 24 cai^ 

24. The fuel addiUve convosition aceoiding to Ctalm 23. wherein the polyailqrtone polyamine has the tonnula: 

H2NKI^3-NH)x-H 

wherein R3 is an aikylene group hawing from about 2 to about 6 carbon atoms and zte an Integer from about 1 to 
about 4. 

25. The fUel additive convosltlon acoonling to Oaim 24, wherein R3 te an allcylene group having fhwn about 2 to about 
4 cartwn atoms. 

26. The lUel additive composition acconling to Claim 24. wherein the poiyailcyiene polyamlne te ethylene diamine or 
diethylene triamlne. 

27. The liiel additive composition aocoiding to Ctoim 26. wherein the polyalkylene polyamlne te ethytene diamine. 

28. The fuel additive composition accoiding to Claim 1 , vrtierein the weight rafio of polyoxyallcylene amine to Mannlch 
condensation product te from about 0.5:1 to about 3:1. 

29 A fuel composition comprising a major amount of hydrocaibons boiling in the aasoiine or diesel range and en 
emount eifectlve to control engine oil screen plugging of a fuel additive composition as claimed in any preceding 
claim. 

30 The fuel composition according to Claim 29. wherein the composition contains from about 10 to about 2.000 ppm 
of the Mannlch condensation product and from about 10 to abaut2,000 ppm of the potymyaiiqflene amine. 

31. The fUel composition according to Claim 29. wherein tiie compodtion ftjrther contains Itom about 25 to 5.000 ppm 
by weight of a fii^-soiuble, nonvoiaUie carrier fluid. 

32. The fuel composition according to Ctelm 20. wherein the weight ratto of polyoxyalisyiene amine to Mannlch ocn- 
densaOon product is Itom al»ut 0.5:1 to atjout 3:1 . 

33. Atoel concentrate comprising an inert stable olaophillG organic solvent boiling in the range of from about 150'F 
to 400-F and from about 10 to about 70 weight percent of a fuel additive oompostlon as claimed in any one of 
claims 1 to 28. 

34. The fuel concentrate acooiding to Claim 33, viAierebi the concentrate further contains from about 20 to about 60 
w^ht percent of a fuel-soiubte. nonvolatile carrier fluid. 
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